OBJECTIVES The goal of this study was to explore sex differences in myocardial remodeling in aortic stenosis (AS) by using echocardiography, cardiac magnetic resonance (CMR), and biomarkers.
. However, LV remodeling is heterogeneous (11) (12) (13) . Four main geometric patterns have been defined: normal geometry, concentric remodeling, concentric hypertrophy, and eccentric hypertrophy. These patterns are based on LV mass, cavity size, and the ratio of these 2 factors (14, 15) . Functionally, the spectrum of LV responses ranges from hypercontractile to "myopathic" states.
Echocardiography and cardiac magnetic resonance (CMR) are the gold standards for the assessment of valve severity and LV geometry/function, respectively. CMR is also able to quantify focal myocardial fibrosis (4) (5) (6) (7) (8) and extracellular expansion (16) (17) (18) , whereas blood biomarkers (high sensitivity troponin T [hsTnT] and N-terminal pro-brain natriuretic peptide [NT-proBNP] ) reflect whole heart myocyte death and increased wall stress.
Sex appears to exert an important influence on LV remodeling (11, 19, 20) . Previous research has shown that men are more likely to have higher indexed LV mass, lower LVEF, and increased diastolic myocardial stiffness (21, 22) , whereas women have more concentric remodeling with higher relative wall thickness and LVEF. To date, however, most studies have relied on echocardiography alone, with only limited combined echocardiography and CMR data available (22) .
The goal of the present study was to understand the influence of sex on AS remodeling by using all available modalities to investigate patterns of remodeling at macroscopic and tissue levels. and January 2015. The study was approved by the ethical committee of UK National Research Ethics Service (07/H0715/101) and was registered on ClinicalTrials.gov (NCT02174471). The study conformed to the principles of the Declaration of Helsinki, and all subjects provided written informed consent.
Patients were recruited before pre-operative evaluation, which included a comprehensive assessment with clinical history, resting blood pressure, 6-min walk test (23) Treibel et al.
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Patients were categorized into 4 patterns of left ventricular (LV) geometric adaption: normal geometry, concentric remodeling, concentric hypertrophy, and eccentric hypertrophy. For cardiac magnetic resonance, categories were defined by using body surface area-indexed LV mass (LVMi), indexed LV end-diastolic volume (EDVi), and mass/volume ratio. For 2-dimensional echocardiography, categories were defined by using body surface area-LVMi, end-diastolic cavity dimension, and relative wall thickness.
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Sex and Remodeling in Aortic Stenosis instability (n ¼ 1), pseudo-severe AS (n ¼ 1), severe mitral regurgitation (n ¼ 2), and significant myocardial bystander disease (cardiac amyloidosis, n ¼ 6;
Characteristics of the remaining 168 patients (age 70 AE 10 years; 55% male; 70% trileaflet AS) are summarized in Tables 1 and 2 . All but 7 patients were symptomatic (96%) with dyspnea (82%), chest pain (32%), and/or syncope (8% normal geometry 56%, concentric remodeling 51%, concentric hypertrophy 38%, and eccentric hypertrophy 39%) ( Figure 2 ). Values are mean AE SD, median (interquartile range), or n (%). Bold indicates p < 0.05.
AVA ¼ aortic valve area; AVAi ¼ aortic valve area index; CMR ¼ cardiac magnetic resonance; E ¼ peak early velocity of the transmitral flow; e' ¼ peak early diastolic velocity of the mitral annulus displacement; E/A ratio = ratio of peak velocity flow in early diastole (E wave) to peak velocity flow in late diastole (A wave); ECV ¼ extracellular volume; EDVi ¼ end-diastolic volume index; ESVi ¼ end-systolic volume index; IQR ¼ interquartile range; LAAi ¼ left atrial area index; LVMi ¼ left ventricular mass index; LVEF ¼ left ventricular ejection fraction; MOLLI ¼ modified Look-Locker inversion-recovery; PASP ¼ pulmonary artery systolic pressure measured by echocardiography; SVi ¼ stroke volume index; Vmax ¼ peak velocity through the aortic valve; VTI ¼ velocity-time-integral; Zva ¼ valvuloarterial impedance. Although the higher levels of NT-proBNP and hsTnT could be partially explained by more LVH and larger Treibel et al.
Sex and Remodeling in Aortic Stenosis Sex-related differences in myocardial remodeling have been reported in the elderly with or without AS (11, 19, (33) (34) (35) .
In animal models, sex dimorphism exists in the baseline findings of the heart (difference in size, physiology, gene profiles, and contractile properties), response to pressure or volume overload (more hypertrophy and dilatation, respectively), and cardiomyocyte response to aging and modification of cardiac gene expression (36) . Cellular, molecular, and neurohormonal mechanisms for the differential response in men have been proposed, including increased interstitial fibrosis, greater activation of profibrotic and inflammatory pathways, and differential expression of androgen and estrogen receptors (21, (37) (38) (39) . Although the interplay of protective effects of estrogens and deleterious effects of androgens may play a key role in the sex dimorphism, the majority of female patients in our study were postmenopausal, and none were receiving hormone replacement therapy. Sex differences in the reninangiotensin system, nitric oxide activity, and norepinephrine release may contribute to differences 
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Sex and Remodeling in Aortic Stenosis -2 0 1 7 : ---study entry sex ratios, if there had been no sex dimorphism, both of these ratios should have been 1.7 to 1. However, the sex dimorphism of cardiac remodeling according to CMR was much more extreme than that according to echocardiography ( Figure 6 ). There are modality-specific differences in ascertainment that could explain this: cross-sectional echocardiography uses derived wall thickness to cavity width ratios, whereas CMR uses a 3-dimensional-derived mass to volume ratio (14, 22) .
Each technique also has indexed sex-specific reference ranges and cut-points (Online Appendix), which could be inaccurate and magnify differences. These may be differently sensitive to sex-influenced confounders (e.g., a basal septal bulge). Such explanations seem inadequate, however, and the impression Steady State Free Precession short-axis cine clip demonstrating the pattern of remodeling (as described in Figure 1 ; top right); phasesensitive inversion recovery late gadolinium enhancement image for focal fibrosis (bottom left); extracellular volume fraction map for diffuse fibrosis (bottom right).
Treibel et al. this approach only excluded 7% of patients and is Aortic stenosis (AS) is a disease of both valve and LV. Sex differences may play a role in disease phenotyping. The present study investigated 168 patients with severe symptomatic AS by using echocardiography (echo), cardiac magnetic resonance (CMR), and biomarkers. There were no sex differences in AS severity or functional capacity, but CMR captured a sex dimorphism in the LV remodeling pattern, missed by 2-dimensional echocardiography and more adverse in men with more LV dysfunction (by LVEF, N-terminal pro-brain natriuretic peptide [NT-proBNP], high-sensitivity troponin T [hsTnT]) and myocardial fibrosis (focal and diffuse). Given equal valve severity, LV associations with AS appear more maladaptive in men, with more extreme sex differences than previously reported. AVAi ¼ indexed aortic valve area; V max ¼ peak velocity; other abbreviations as in Figures 1 and 3 . 
